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Method for supervising base station radio channels 

This invention relates to a method for 
5 supervising base station radio channels by means of 

interference measurement. The invention relates further 
to a method for supervising base station radio channels 
by measuring the quality of a received signal. 

One of the most critical factors in radio 

10 systems, for example in cellular mobile telephone 

systems, is the quality of the radio connection between 
the base station and a mobile station. The quality of 
this radio connection is influenced substantially by the 
condition of the radio parts, i.e. the antennas and the 

15 transceivers, of the base station. Therefore, the 

condition of the radio parts of the base station is 
supervised by means of various measurements and tests. 
Another factor influencing the quality of the radio 
connection is radio- frequency interference occurring in 

20 radio channels, resulting from, for example, other radio 

devices or base stations. 

Therefore, the specifications of the Pan- 
European GSM mobile radio system for instance require 
a base station to supervise the quality of received 

25 signals during normal traffic operation, for example by 

calculating the bit error rate (BER) on the basis of a 
signal obtained from the output of the receiver of the 
base station. Moreover, the base station is required to 
measure continuously the interference level of a radio 

30 channel in all non-active dedicated channels, i.e. both 

in signalling and traffic channels. At the moment, the 
interference level of the radio path is measured at the 
base station separately for each connection, whereupon 
the base station transmits information of the 

35 interference level of each free signalling or traffic 
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connection to other parts of the system, for example to 
the base station controller (BSC) at predetermined 
intervals. The problem with the present measuring 
technique is that even though disturbances in the radio 
5 path usually vary greatly as a function of frequency, 

a measuring method of the present type cannot give any 
information about this "interference distribution" 
between different radio channels, especially if the base 
station uses frequency hopping. Frequency hopping refers 
10 to operation where the transmitting frequency and 

correspondingly the receiving frequency at the receiving 
end are continuously changed during a connection by 
using a suitable number of frequencies and a 
predetermined frequency hopping sequence. The use of 
15 frequency hopping yields two different advantages, 

namely frequency diversity and interference diversity. 
Frequency diversity improves the quality of a radio 
connection mainly when a transmitter and a receiver move 
slowly in relation to each other. If the frequency of 
20 a radio connection in a time division multiple access 

( TDMA ) system is changed enough from one channel time 
slot to another, the fading situations imposed on 
different time slots do not correlate. The interference 
diversity effect is based on the fact that the frequency 
25 hopping sequences of base stations using the same or 

adjacent frequencies are different or at least are 
phased in relation to each other, and therefore the 
frequencies interfering with each other also change on 
transition from one time slot to another, and the effect 
of strong sources of interference is distributed among 
several connections, whereupon the effect of the 
interference on a single connection decreases. However, 
this only accentuates further the aforementioned problem 
that the present techniques of interference measurement 
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do not provide information about the distribution of 
interference between different radio channels. 

One aim of the present invention is to 
eliminate the above problem. This aim is achieved by 
5 means of a method according to the invention which is 

characterized in that the interference level of a 
control or traffic channel hopping from one radio 
channel to another during a connection is measured 
separately for each used radio channel, and the measured 

10 interference levels are stored separately for each radio 

channel, that the interference levels of each radio 
channel measured during a predetermined period of time 
are analyzed, and that a disturbed radio channel is 
detected on the basis of the analysis. 

15 in the invention a base station measures the 

interference level of each radio channel and determines 
the distribution of interference between different radio 
channels by analysing the interference levels of each 
radio channel measured during a predetermined period of 

20 time. On the basis of the analysis, it is possible to 

detect strongly disturbed radio channels. In a preferred 
embodiment of the invention, the analysis comprises 
calculating, for each radio channel, the average of the 
interference level values measured during a 

25 predetermined period of time. The base station reports 

the results of the measuring for instance to the 
operation and maintenance centre of the radio system. 
On the basis of the measurement results of each radio 
channel, it is possible to detect a disturbed radio 

30 channel and the source/s of interference and to utilize 

this information for example in the reconfiguration of 
the network to eliminate the interference. 

Another aim of the present invention is to 
improve the quality of a radio connection. This aim is 

35 achieved by means of a method according to the invention 
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which is characterized in that the received signal 
quality of a control or traffic channel hopping from one 
radio channel to another during a connection is measured 
separately for each used radio channel, and the measured 
5 values are stored separately for each radio channel, 

that the signals measured during a predetermined period 
of time are analyzed separately for each radio channel, 
and that a radio channel of poor quality is detected on 
the basis of the analysis* 

10 By means of this embodiment according to the 

invention, radio channels weakening the quality of a 
connection can be detected during an ongoing call, after 
which the base station can take the required steps to 
improve the quality of the connection. 

15 In a preferred embodiment according to the 

invention, a radio channel detected to be of poor 
quality is discarded, preferably by replacing it in the 
frequency hopping sequence with another radio channel. 
Moreover, since the quality of the radio channels is 

20 supervised separately for each connection, the quality 

of a single connection can be improved by means of the 
method according to the invention by changing the 
frequency hopping sequence used by the connection in 
question so that the radio channel of poor quality is 

25 no longer used for the particular connection. 

The preferred embodiments of the method 
according to the invention appear from the appended 
dependent claims 2 to 4, and 5 to 8. 

The invention will be described in the 

30 following in greater detail by means of illustrative 

embodiments and with reference to the accompanying 
figures, in which 

Figure 1 is a block diagram of a base station 
according to the invention, and 

35 Figure 2 is a block diagram of a transceiver 



WO 95/08246 PCT/FI94/00399 



5 

unit according to the invention. 

The method and the transceiver unit according 
to the present invention are applicable at least in all 
time division multiple access (TDMA) systems. These 
5 include the Pan-European mobile communication system GSM 

and its direct modifications, such as the Digital 
Communication System DCS1800. In the following, the GSM 
system will be used as an example. The ETSI/GSM 
Recommendations and The GSM System for Mobile 

10 Communications (by M.Mouly and M-B. Pautet, Palaiseau, 

France, 1992, ISBN: 2-9507190-0-7) are referred to for 
a more detailed description of the GSM system. 

The GSM system follows the frequency division 
multiple access (FDMA) principle, according to which 

15 there are a number of radio channels (carrier 

frequencies) in use in the system. In the radio channels 
on the other hand, time division multiplexing is applied 
on the TDMA principle so that each radio channel 
comprises several, typically 8, TDMA time slots. The 

20 time slots are mainly used to transmit control channels 

(CCH) and traffic channels (TCH). In the traffic 
channels, speech and data are transmitted. Signalling 
between the base station and mobile subscriber stations 
takes place in the control channels. 

25 Figure 1 shows a block diagram of a base 

station according to the invention. The base station 
comprises preferably at least two transceiver units 6a, 
6b and 6c. In the GSM system each transceiver is of 
full-duplex type, and the duplex spacing between the 

30 transmitting and receiving frequencies of the 

transceiver is 45 MHz. The frequency range used by the 
system varies preferably between 800 and 1,000 MHz . The 
transceivers 6a to 6c have fixed transmitting and 
receiving frequencies which differ from each other. The 

35 outputs 10a to 10c of the transceivers 6a to 6c are 
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connected to the radio- frequency combining and branching 
unit 1, which connects the transmitters of the 
transceivers 6a to 6c to a common transmitting antenna 
2 (by means of combiner filters) and the receivers to 
5 a common receiving antenna 3 (by means of a branching 

equipment). There can be alternatively two receiving 
antennas, if diversity reception is used. The radio- 
frequency combining unit 1 comprises a band-pass-type 
transmitting filter for the transmitter of each unit 6a. 

10 The filter has been manually or automatically tuned to 

the transmitting frequency of the transmitter. 
Correspondingly, the combining unit 1 comprises a 
receiving filter which limits the signal coming from the 
antenna to the receiving band, and a division amplifier 

15 that amplifies the signal and divides it to all 

receivers . 

A base station shown in Figure 1 comprises 
further several carrier-frequency frame units 7a, 7b and 
7c, which form the carrier- frequency modulation signals 

20 for the transceiver units 6a to 6c and which handle the 

signals that the transceivers have received and 
converted to the carrier frequency. In the frame units 
7 user data and control data to be transmitted is placed 
in TDMA frames, channel-coded and interleaved, after 

25 which it is modulated in the transmitting unit into a 

TDMA burst onto the desired transmitting carrier. 
Correspondingly, the frame unit 7 performs demodulation, 
de- interleaving, channel decoding and deframing on the 
received signals. 

30 Between the transceiver units 6a to 6c and the 

frame units 7a to 7c there is a cross -point- type 
switching matrix 5, which connects the outbound carrier- 
frequency signals generated in the frame units 7 in turn 
to each of the transceivers 6a to 6c according to a 

35 predetermined frequency hopping sequence, so that the 
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signal of a specific frame unit 7 hops from one 
transmitting frequency to another. Correspondingly, the 
switching matrix 5 connects signals which the 
transceivers have received and converted to the carrier 
5 frequency to the frame units 7a to 7c according to a 

predetermined frequency hopping sequence. Alternatively, 
the frequency hopping may be realized by connecting each 
frame unit directly to a dedicated transceiver, the 
frequency of which is changed according to the frequency 
10 hopping sequence (cf. Figure 2). 

The operation of the base station is controlled 
by the operation and maintenance unit 20 (OMU) of the 
base station. The OMU 20 is also used as a measuring 
unit, which receives a radio- frequency signal from the 
15 branching equipment and measures the level of the 

received signal. Alternatively, the receivers Rx may 
comprise measuring equipment, which measures the 
received signal level and forwards the result of the 
measuring to the OMU 20. The base station may also have 
20 an associated special testing means STM which simulates 

the subscriber equipment and which is denoted generally 
by reference numeral 11. The MS/STM 11 can be under the 
direct control of the base station (broken line 13) so 
that the OMU 20 controls the testing operations. The 
25 MS/STM 11 can for example transmit a known test signal 

via the radio path, the level of the signal being 
measured at the base station. 

In the case shown in Figure 1, the base station 
measures the interference level in free, non-active 
30 traffic and control channels. A free and non-active 

channel means that the base station does not transmit 
or receive any payload signal on that particular 
channel. Thus, all radio- frequency energy measured on 
that channel is interference energy. According to the 
35 invention, a measuring unit situated in the OMU 20 or 
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B 

in the channel unit 6 measures, separately for each 
radio channel, the interference levels of radio- 
frequency interference signals or bursts received from 
the antenna on the channel. The OMU 20 calculates radio- 
channel -specific averages from interference level values 
measured during a predetermined period of time, after 
which the calculated averages are transmitted from the 
base station for example to the operation and 
maintenance centre (OMC) of the radio system. If, for 
example, the base station uses radio channels 0, 12, 22 
and 38, it transmits at predetermined intervals a report 
of the measurement, which reads: 

interference level on channel 0 = X 
interference level on channel 12 = Y 
15 interference level on channel 22 = Z 

interference level on channel 38 = N. 
On the basis of the average interference levels measured 
on each radio channel, it is possible to detect a 
disturbed channel the average interference level of 
20 which is clearly higher than that of other radio 

channels. After this the channel with the high level of 
interference can be discarded, if necessary, by changing 
the frequency hopping sequence used by the switching 
matrix, for example by replacing in the frequency 
25 hopping sequence a channel unit tuned to the disturbed 

channel with another, previously unused, channel unit 
which is tuned to another frequency channel. 

Figure 2 shows a block diagram of a transceiver 
unit according to the invention. The unit in question 
is a transceiver unit placed in a base station of the 
GSM system and communicating with a mobile radio unit 
25 by means of a combined transmitting and receiving 
antenna 26. The combining and branching unit 1 connects 
the transmitter 21 and the receiver 22 to the antenna 
26. Other transceiver units (not shown in Figure 2) in 
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35 
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the base station are also connected to the antenna 26 
by means of the combining unit 1. 

The transceiver unit shown in Figure 2 deviates 
from the transceiver units shown in Figure 1 in that the 
5 frequency hopping is realized in a different way. The 

transmitter 21 and the receiver 22 shown in Figure 2 are 
not permanently tuned to a particular frequency channel 
as in the case of Figure 1, where the frequency hopping 
is realized by means of the switching matrix 5. In the 

10 case of Figure 2, the transmitter 21 and the receiver 

22 are connected directly to the frame unit 7, and the 
frequency hopping is realized by means of a control unit 
23, so that before each outbound burst the control unit 
changes the radio channel of the transmitter 21 and the 

15 receiver 22 according to a predetermined frequency 

hopping sequence . 

A measuring unit 24 measures and calculates the 
bit error rate of the received radio- frequency signals 
separately for each frequency channel and each 

20 connection, i.e. separately for each frequency channel 

used by a particular connection on the basis of signals 
obtained from the input of the receiver 22, after the 
frame unit 7 has disassembled the frame units. Thus, the 
measuring unit 24 calculates the frequency-channel- 

25 specific averages of the bit error rates calculated for 

the connection during a predetermined period of time, 
after which the calculated averages are fed into the 
control unit 23 separately for each frequency channel 
and each connection of the transceiver unit. 

30 When the control unit 23 has detected, in the 

aforementioned manner, a connection-specific disturbed 
frequency channel, it notifies the radio unit 25 of the 
elimination of one or more channels and/or of their 
replacement with another frequency channel starting from 

35 a given frame. If the disturbed channel is eliminated, 
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the connection between the transceiver unit and the 
radio unit 25 continues on the remaining frequency 
channels. An indication of the change in the frequency 
hopping sequence is transmitted to the radio unit 25 by 
5 means of, for instance, the fast associated control 

channel (FACCH) of the GSM system. 

The control unit places the discarded frequency 
channels under supervision. This takes place according 
to the invention in such a way that the radio unit 25 

10 transmits test bursts on the discarded frequency 

channels, on a frequency channel placed under 
supervision, to the transceiver units during the empty 
frames described in the GSM specifications. On the basis 
of the measuring results obtained from the test bursts, 

15 a discarded frequency channel can be brought back into 

use by adding it to the frequency hopping sequence of 
the transceiver in the same way as it was removed from 
it. 

It must be understood that the above 
20 description and the accompanying figures are only meant 

to illustrate the present invention. Different 
variations and modifications of the invention will be 
evident to those skilled in the art without departing 
from the scope and the spirit of the invention disclosed 
25 in the appended claims. 
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Claims 

1. A method for supervising base station radio 
, channels by means of interference measurement, 

5 characterized in that 

the interference level of a control or traffic 
channel hopping from one radio channel to another during 
a connection is measured separately for each used radio 
channel, and the measured interference levels are stored 
10 separately for each radio channel, 

the interference levels of each radio channel 
measured during a predetermined period of time are 
analyzed , and 

a disturbed radio channel is detected on the 
15 basis of the analysis. 

2. A method according to claim 1, 
characterized in that 

the analysis comprises calculating, for each 
radio channel, an average interference level on the 
20 basis of the interference levels measured during said 

predetermined period of time, and that 

a disturbed radio channel is detected on the 
basis of the calculated average interference level. 

3. A method according to claim 1 or 2, 
25 characterized in that the detected 

disturbed radio channel is discarded, preferably by 
replacing it in the frequency hopping sequence with an 
interference- free radio channel. 

4. A method according to claim 3, 
30 characterized in that the discarded radio 

channel is brought back into use when its average 
interference level falls below a predetermined limit 
* value. 
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5. A method for supervising base station radio 
channels by measuring the quality of a received signal, 
characterized in that 

the received signal quality of a control or 
5 traffic channel hopping from one radio channel to 

another during a connection is measured separately for 
each used radio channel, and the measured values are 
stored separately for each radio channel, 

the signals measured during a predetermined 
10 period of time are analyzed separately for each radio 

channel, and 

a radio channel of poor quality is detected on 
the basis of the analysis. 

6 . A method according to claim 5 , 
15 characterized in that 

the quality of the signal is measured by 
calculating the bit error rate separately for each used 
radio channel, the analysis comprising calculating the 
average bit error rate of each radio channel during said 
20 predetermined period of time, and that 

a radio channel of poor quality is detected on 
the basis of the calculated average bit error rate* 

7. A method according to claim 5 or 6, 
characterized in that the detected radio 

25 channel of poor quality is discarded, preferably by 

replacing it in the frequency hopping sequence with 
another radio channel. 

8. A method according to any one of the claims 
5 to 7, characterized in that the 

30 quality of radio channels is measured and analyzed 

separately for each connection. 



WO 95/08246 



PCI7F194/00399 



1/1 

J* 8a 5 9 a 63 10a 1 



7b 



FIG. 1 



7 



8b 



7c 8c 



9b 



X 



6b 10b 



10c 




N20 



13 




Y 



25-^ 



24 



22 



RX 



BER- 
MEASUREMENT 



1 



21 



CONTROL 

IT? 



TX 



23 




11 



7" 
26 



FIG. 2 



internatkUBvl search report 



international application No. 
PCT/FI 94/00399 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04Q 7/38 

According to international Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Patent Abstracts of Japan, Vol 12, No 397, E-672, 

abstract of JP, A, 63-138824 (MITSUBISHI ELECTRIC 
CORP), 10 June 1988 (10.06.88) 



WO, Al, 9316567 (MOTOROLA, INC.), 19 August 1993 
(19.08.93), claim 5, abstract 



GB, A, 2254971 ( TELEFONAKTI EBOLAGET LM ERICSSON), 
21 October 1992 (21.10.92), page 8, 
line 32 - page 9, line 10; page 10, 
line 26 - line 36 



1,5 



1.5 



1,5 



| | Further documents are listed in the continuation of Box C. | X | See patent family annex. 



* Special categories or cited documents: 

"A" document defining the general state of the an which is not considered 

to be of particular relevance 
*E' erlier document but published on or after the international filing date 

"L" document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or other 
means 

*P* document published prior to the international filing date but later than 
the priority date claimed 



*T~ later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X' document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



16 January 1995 



Date of mailing of the international search report 

1 7 -W- 1995 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Bengt Jons son 

Telephone No. + 46 8 782 25 00 



Form PCT/1SA/21U (second sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 
information on patent family members 



31/12/94 



International application No. 
PCT/FI 94/00399 





Patent document 
died in search report 


Publication 
date 


Patent family 
member(t) 


Publication 
due 


4 


W0-A1- 9316567 


19/08/93 


AU-A- 

CN-A- 

EP-A.A- 

FI-A.D- 

US-A- 


3661593 
1075389 
0626121 
943312 
5203012 


03/09/93 
18/08/93 
30/11/94 

1 9 /ft7 /OA 

13/04/93 


0 


6B-A- 2254971 


21/10/92 


JP-A- 
SE-A- 


4326629 
9200574 


16/11/92 
08/09/92 



Form PCT/IS A/210 (patent family annex) (July 1992) 



